This work reports the influence of various treatments of pineapple leaf fibers (PALF) reinforced tapioca biopolymer (TBP) on the tensile properties. Three different treatments were selected, such as maleic anhydride polypropylene (MAPP) compatibility, maleic anhydride polyethylene (MAPE) compatibility and alkali treatment. Samples with 10% of PALF composition with different concentrations of MAPP and MAPE (1%, 3%, 5% and 7% by weight) and samples with three different treatments were prepared with different PALF compositions (10%, 20%, 30% and 40% by weight). Results revealed that PALF-TBP with 7% of MAPP showed the highest tensile strength and good interfacial adhesion with the matrix as evidenced by the Scanning electron microscopy analysis. Moreover, the chemical analysis by Fourier transforms infrared spectroscopy demonstrated that the MAPP had improved the PALF compatibility and matrix interfaces. Findings suggested that PALF-TBP composites have a great potential to be used for products in engineering applications.
Introduction
Development of natural fiber composites has become very popular and attractive as an alternative for the petroleumbased polymer. It is due to various adverse effects on the environment that was generated by the accumulation of nonbiodegradable waste from petroleum-based polymer [1] [2] [3] .
Therefore, the developments of environmental friendly materials, such as natural fiber composites have seen great potential to overcome the issue. Recent developments of natural fiber composites are on the utilization of biodegradable and renewable matrix, such as starch-based biopolymer in order to develop a fully biodegradable polymer. The development of a biodegradable starch-based polymer, called tapioca biopolymer (TBP) provides an alternative for the replacement of petroleum-based matrices. The TBP clarification as biodegradable is because its main content is a renewable and biodegradable natural substance of tapioca starch. According to ASTM D5488-94d, degradation is the ability of a polymer to decompose into carbon dioxide, methane, water, organic compounds or biomass, where the primary mechanism is the enzymatic action of microorganisms. degradation can be measured by a standard test over specific time periods, reflecting the existing disposal conditions [4, 5] .
As a starch-based polymer, TBP is deemed to have better compatibility with natural fibers during the manufacture of composites. Previous findings suggested 165 °C as the optimum processing temperature for TBP [6] . On the hand, the majority of natural fibers have degradation temperature of higher than 200 °C [7] [8] [9] . Due to its lower processing temperature, TBP is suitable for many types of natural fibers for manufacturing composites. The combination of natural fiber and TBP by biocomposites development appears to be a promising approach, while maintaining the biodegradability of the biopolymer. Among all natural fibers, pineapple leaf fiber (PALF) is very popular. PALF has good potential due to its high crystalline cellulose content but low hemicellulose and lignin contents. Consequently, greater mechanical properties are observed as compared to other natural bras [8, [10] [11] [12] . On the other hand, the pineapple leaves are given less attention to being used as a recycled material. There are approximately 2.1 million acres of pineapple cultivations, covering some of the world's major pineapple producers, such as Malaysia, Thailand, Indonesia, Philippines, Brazil, Costa Rica and Hawaii. The primary problem with pineapple plantations to producer countries is the pineapple leaf waste, which is approximately 20,000 ton to 25,000 ton per acre after harvesting process [12] ; hence, the utilization of pineapple leaf waste as reinforcement in natural fiber composites is expected to provide an alternative and solution to the unused pineapple leaves problem after harvesting.
However, natural fibers and TBP composites produce low mechanical properties, especially in tensile properties, and are not competitive with petroleum-based polymers; thus, limits its application, especially in the engineering sector. The primary cause of this occurrence is the incompatibility issue between natural fibers and the polymer matrices. This phenomenon produces poor adhesion between the natural fiber and polymer matrix and leads to undesirable mechanical properties of the composites [7] . A good interfacial adhesion between fiber and matrix is required for effective stress transfer from matrix to fiber. To enhance the interfacial adhesion between fibers and TBP, two different common methods were conducted according to previous studies; the use of coupling agents and alkali treatments. The utilization of coupling agent has been proven to improve the composites interfacial adhesion. The chemical composition of coupling agents created a reaction with the fiber surface by forming a bridge of chemical bonds between the fiber and matrix [7, 13] . The most common coupling agents that have been widely used through the process of dry blending are maleic anhydride polypropylene (MAPP) and maleic anhydride polyethylene (MAPE) [14] . However, previous finding shows that MAPP appeared to be less effective when the polyethylene (PE) matrix was used in the composites and vice versa as shown in Fig. 1 [15] . Also, the concentration of coupling agents used also plays an important role in improving the interfacial adhesion between fiber and matrix.
Besides the use of coupling agents, the utilization of alkali treatment has also proven the capability to improve the interfacial adhesion between natural fiber and matrix [16] . Various extensive research was carried out with different alkali concentrations and soak durations to produce a better interfacial adhesion. The findings from these studies showed that alkali treatment is capable of removing hemicellulose and lignin components from natural fibers, resulting in a better-purified cellulose [17] . As lignin is removed, the middle lamella joining the ultimate cells is expected to be more plastic, as well as homogeneous, due to the gradual elimination of micro voids. Moreover, alkali treatment increases the amount of crystalline cellulose and removes natural and artificial impurities, producing a rough surface topography. The increase in fiber surface roughness provides physical interlocking between fiber and matrix, which affects tensile properties of composites. The reaction occurring in alkali treatment is shown in Fig. 2 .
Therefore, the objective of this paper is to report the influence of alkali treatment and coupling agents on tensile properties of short PALF-TBP composites based on the optimum amount of coupling agent concentrations to produce the maximum tensile properties of PALF-TBP composites. 
Experimental Set Up
Material TBP used in this research was manufactured by Indochine Bio Plastiques Sdn. Bhd., Malaysia. This biopolymer is derived from industrial Manihot esculenta species. However, these tapioca species do not belong in the food grade due to their bitter taste. Table 1 shows the properties of TBP used.
PALF bundles were purchased from Permalang, Central Java, Indonesia. The fibers were extracted from pineapple leaves bunches by scraping technique. Afterwards, the fibers were crushed by using the RL-L10 MPL crusher to reduce length. The next process is the sieving process by using SS304 GMP automatic sieving machine for segregated fibers of less than 2.00 mm. Previous findings by George et al. stated that fibers with 2.00 mm length are better in dispersion, aligned and distributed along the direction of flow as compared to 4.00 mm, 6.00 mm, 8.00 mm and 10.00 mm fiber length [18] . Figure 3 presents the comparison of physical PALF before and after preparation process.
MAPP used in this research was POLYBOND® 3200 manufactured by Addivant, United States. Meanwhile, MAPE used in this research was OREVAC® 18302N manufactured by Arkema Coating Resins (M) Sdn Bhd, Malaysia. The properties of MAPP and MAPE used in this study are shown in Table 2 . Moreover, the S/4920/AP1 Fisher Chemical sodium hydroxide (NaOH) for alkali treatment process was purchased from the Aldrich Chemical Company, Malaysia.
Composites Manufacturing
Previous studies found that the optimum concentration of NaOH for PALF alkali treatment was 5% (w/v) and at 1 h immersion duration [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . In this work, the short PALF was soaked in 5% concentrations of NaOH solution in a water bath for 1 h at room temperature. The ratio of the fibers and the solution was 1:20 (w/v). After treatment, the fibers washed and rinsed for ten times with distilled water. Afterwards, all raw materials for composite samples preparation included treated and untreated fibers, TBP and coupling agents were oven dried at 80 °C for 24 h. The subsequent process was the TBP compound with fibers according to following equation:
where v f is fibre composition, v m is TBP composition and v ca is composition of coupling agents by weight. The detail mixing for sample preparation is displayed in Table 3 .
Prior to the compounding process, the PL2000-6 Brabender Plasticorder internal mixing machine was preheated and set at 165 °C and 40 rpm processing speed. The TBP, in the form of pellets, or mixing of TBP and coupling agents was blended and allowed to stabilize before introducing the fibers. The total time used for mixing the composites was 20 min. Then, mixed compounds obtained from the internal mixer were cut into pellets.
The subsequent process was the preparation of composite plate by using compression molding to form a plate with dimension 200 mm × 200 mm × 3 mm. The mold temperature was set at 165 °C, and a constant pressure of 6.0 MPa was applied for 5 min of preheating and 10 min of full press. Then this was followed by a cooling process under the same pressure for 5 min [12, 27, 28] . Then the tensile samples were fabricated through the machining process by using HASS VF 6 CNC milling machine according to ASTM D638 Type V, as shown in Fig. 4 .
Tensile Testing Technique
The tensile test was conducted by using 3kN Instron 5967 universal testing machine according to ASTM D638 at the temperature of 23 ± 2 °C and relative humidity of 50 ± 5%. where F is maximum load applied and A is the cross-section of composites sample at the gauge area. Tensile modulus was calculated according to Chord modulus, E. The Chord modulus was calculated after the toe correction region, = F∕A which is 0.1% strain value and end at 0.5% strain value, which is the end of a straight line for the stress-strain curve. The detail tensile modulus calculation is as follows:
where σ is stress value, and ε is strain value from the stress-strain curve.
Fracture Morphology
The fractured surfaces after being subjected to tensile testing were visually inspected by using a FEI Quanta 450 W7 scanning electron microscopy (SEM). Surface morphology of the composites with different treatments was compared and analyzed in order to determine the influence of different selected treatments in interfacial bonding between the fibers and matrix.
FTIR Analysis
Fourier transform infrared spectroscopy (FTIR) was conducted by using Thermo Fisher Scientific, Nicolet iS50 FTIR machine with the diamond attenuated total reflectance Figure 5 illustrates the tensile properties of biocomposites against the different concentrations of MAPP compatibilizer. The use of MAPP showed a parallel increase in tensile strength and modulus with an increase of MAPP concentrations up to 7%. An increment of 21.12% and 44.44% in tensile strength and tensile modulus, respectively was discovered as the MAPP content was increased up to 7%. The finding is consistent with the previous study of short jute fibers reinforced polypropylene (PP), which presents the increments of tensile strength and modulus with the increase of MAPP concentration up to 4%. However, a further increase in the concentration of compatibilizer had a virtually little effect [29] . According to the previous finding, the effectiveness of coupling agents is associated with the incorporation and incompatibility between the coupling agents and composites matrix. Yang et al. suggested that MAPP appeared to be less effective when PE matrix polymer was used in the composites and vice versa [15] .
Results and Discussion

Effect of Coupling Agent Concentration on Tensile Properties
Contrary to the effect of MAPP, the use of MAPE showed an increase in tensile strength and modulus up to 3% of concentration only, as shown in Fig. 6 . A decrease by 8.26% and 21.22% was detected in tensile strength and tensile modulus, respectively, as the MAPE content was further increased from 3 to 5%. Nonetheless, all results obtained exceeded the tensile strength of pure TBP, i.e. 14.60 MPa. A similar finding was also observed in MAPE treated with jute reinforced high-density polyethylene composites. A decrease in tensile strength was seen when the MAPE concentrations increased from 1 to 2% [30] . The reduction in tensile properties result was due to the plasticizing effect from the MAPE, which has a lower molecular weight as compared to TBP. The plasticizing effect eventually lowers the rigidity of the composite; and thus, decreasing the tensile strength and modulus [31, 32] . Gassan and Bledzki also reported a similar finding for jute and flax fibers reinforced PP composites due to the migration of excess MAPE around the fibers, causing self-entanglement among themselves rather than the polymer matrix, resulting in slippage of the fibers within the matrix [33] .
Effect of Different Treatment on Tensile Properties
Tensile strength and tensile modulus results are presented in Figs. 7 and 8, respectively, indicating the comparison of untreated PALF-TBP composites and different treatments of PALF-TBP composites. Relatively, all types of alkali treatments, which was 7% MAPP and 3% MAPE, had enhanced the tensile properties. According to Fig. 7 , the tensile strength of the composites containing MAPP was superior to that of the composites containing MAPE and alkali treated PALF-TBP. Samples of 10%, 20%, 30% and 40% fibers content with MAPP presented an increment in tensile strength with 27.1%, 25.5%, 23.6% and 21.1%, respectively. Moreover, tensile modulus result also presented a significant increment, which were 35.7%, 27.4%, 15.3% and 24.3%, respectively. The maleic anhydride groups of MAPP covalently linked with the hydroxyl groups of the fibers, thereby increasing its wettability and dispersion within the matrix. Furthermore, the nonpolar part (PP) of MAPP became compatible with the virgin TBP, lowering the surface energies of the fibers; thereby, increasing its wettability and dispersion within the TBP matrix [30] .
On the other hand, 10%, 20%, 30% and 40% of PALF-TBP samples with MAPE treatments showed a tensile strength increment of 13.6%, 8.3%, 14.58% and 10.3%, respectively. As compared to the MAPP compatibilized composite, the MAPE presented a lower result for tensile strength. These findings contradicted with the experiments of Yang et al., who suggested that MAPE was more effective than MAPP in rice husk flour reinforced low-density polyethylene (HDPE) and wood flour-HDPE composites [15] . Again, as discussed earlier, the effectiveness of coupling agents depends on the suitability of matrix used in composites development, where MAPP appeared less effective when PE polymer was used as a matrix in composites and vice versa [14, 15] . Figure 8 illustrates the role of coupling agent at the interface between PALF and TBP matrix. In this work, the tensile strength of the MAPP compatibilized composite was found to be more effective than MAPE.
Among the three different treatments, alkali treatment appeared to be less effective in enhancing the tensile strength values. Alkali treatment only increased the tensile strength of 10%, 20%, 30% and 40% PALF-TBP composites with 2.6%, 0.12% and 2.78% and 4.2%, respectively. Moreover, tensile modulus was enhanced by 28.09%, 9.59% and 1.02% and 3.9%, respectively. These findings were consistent with the previous study of PALF reinforced natural rubber, where the enhancement in tensile strength and tensile modulus was only 6-10% and 3-12%, respectively [17] . Another finding which agreed quite well with present study is acacia sawdust reinforced with recycled polyethylene terephthalate (PET), where the effect of alkali treatment presented a nonsignificant improvement in tensile strength result [34] . The primary factor for this phenomenon is the agglomeration of the filler particles which generated stress concentration points in the composites sample [34] . This phenomenon has caused weakness in mechanical properties of composites. The present study summarized that MAPP treatment was superior in enhancing the tensile properties of PALF-TBP composites. The 10% of PALF-TBP composites with MAPP was capable of producing higher tensile strength than 30% of untreated PALF-TBP composites. However, 40% of PALF-TBP composites with MAPP still showed the same pattern with untreated PALF-TBP composites. Even MAPP was capable of enhancing the tensile strength, however, 40% of PALF-TBP with MAPP still presented a lower tensile strength result as compared with 30% of PALF sample. Therefore, the findings from this study are crucial in determining the role played by optimum fibre composition in producing a high tensile strength. As such, the combination between optimum fibre composition and selected treatments is regarded as the key role in contributing to high tensile strength of PALF-TBP composites.
Concerning the elastic modulus, a different phenomenon was observed where tensile modulus increased with the addition of fibre composition up to 40%. This can be explained due to the fact that the degree of obstruction mainly increases with the increase of fibre composition, which in turn increases the stiffness, as shown by the previous works [35] [36] [37] [38] . As discussed earlier, the MAPP compatibilizer was responsible for enhancing the tensile properties by improving the interfacial adhesion between fiber and matrix. Figure 9 presents the comparison of tensile strength result between 30% PALF-TBP with MAPP and selected petroleum-based polymer. This comparison is useful in order to evaluate the potential of PALF-TBP composites as an alternative to petroleum-based polymer for future engineering applications. PALF-TBP with MAPP showed a higher result as compared to low-density polyethylene (LDPE) and natural rubber. Moreover, the tensile strength result of PALF-TBP with MAPP presented a competitive result as compared to high impact polystyrene (HIPS), PP, HDPE, LDPE, PET and polyester. Therefore, the improvement of PALF-TBP composites, such as utilization of PALF with higher tensile strength and improvement in manufacturing process, is expected of being capable to produce a higher tensile strength result of composites in the future. These findings provide evidence that the combination of PALF-TBP and selected treatments like MAPP coupling agents has a great potential for the future development of biodegradable and renewable polymer.
Fiber Surface and Fracture Morphology
Scanning electron microscopy (SEM) provides an excellent technique for the examination of surface morphology of fibers and fractures surface of fiber composites. The morphology of composites after alkali treatment was examined. Figure 10a showed the SEM micrograph of an untreated PALF. Untreated PALF contains impurities, wax and fatty substances. There were significant differences in the fiber Fig. 9 Comparison of tensile strength result [15-17, 19, 29, 34, 39] Fig. 10 Comparison of fiber surface topography between a untreated PALF and b treated PALF morphologies after alkali treatment as compared to untreated ones. Corresponding with previous findings, utilization of alkali treatment leads to fiber fibrillation, which breaks down the fiber bundles into smaller fibers (Fig. 10b) . Fibrillation leads to an increase in surface area by decreasing the fiber diameter and consequently enhancing the effectiveness of interfacial adhesion between fiber and matrix. This phenomenon was expected due to dissolution and leaching of fatty acids, hemicellulose and soluble lignin, which caused the fiber surface to becomes rough. This phenomenon enhanced the mechanical anchoring between PALF and TBP [16, 34] . SEM analysis was also used as a direct observation on the surface area of failure composites, and particularly to examine the interface between fiber and matrix. The SEM images presented in Fig. 11 showed the comparison of PALF-TBP interface under 1000 magnification between untreated and different treatments of PALF-TBP samples. Figure 11a presents the interfacial bonding between untreated PALF fibers and the TBP matrix was not good, as shown by the gaps between them and the pull-out fibers from the matrix. This phenomenon might be attributed to the low adhesion between the fibre surfaces and the TBP resin. Therefore, the tensile strength of this composite was low as compared to the treated sample. The alkali treatment and coupling agents utilisation can eliminate impurities and wax from the fiber surfaces, enhancing the adhesion with the matrix. After the treatment, interfacial bonding between the PALF and TBP was markedly better than in the untreated PALF-TBP composite, and the mechanical properties were improved. Figure 11b , c, d show that there was no gap between fiber and matrix even observation was made under higher magnification as compared to previous research. The MAPP coupling agent-treated PALF-TBP composite demonstrated a maximum tensile strength due to the interfacial bonding that occurred in the structure. It is due to fibre crack behaviour and fiber breakage into smaller diameter fibrils on the fracture surface, which indicated that the loads were well distributed throughout the surface [24] . Similar behavior was also reported in the study of the chemical treatment effects and coupling agents on roselle fiber-reinforced vinyl ester composites [40] .
Further analysis on the fracture surface of alkali treatment samples by using SEM found an exciting finding which expected a significant factor in causing inconsistent mechanical properties result for alkali treatment PALF-TBP composites. The side effect produced by fibrillation of short PALF is agglomerations. Figure 12a presents the agglomeration area at sample fracture surface and Fig. 12b focuses on the agglomeration area. The void can be seen clearly between fibril of fiber due to the failure of TBP resin to penetrate that space. This void is thought to be the primary factor for crack propagation. According to observation, internal mixing and hot press process that were used in this research still could not remove agglomeration or force the resin to penetrate the gap between fiber fibril in the agglomeration area. Moreover, the agglomeration area increased with the increase in fiber percentage. These findings provided an answer to the factor of alkali treatment which appeared less effective in enhancing the tensile strength result. A similar outcome was observed in alkali treatment on acacia sawdust-PET composites and alkali treatment on jute fabrics-polyester amide composites [34, 41] .
FTIR Analysis
FTIR is essential to observe the functional groups in natural fibers, such as hydroxyl group, the carbonyl group and others. Moreover, the interaction between the individual components in composite materials can be established by recognizing the spectra band position shift or the emergence of the new peaks in FTIR spectra. Figure 13 presents the FTIR spectra for untreated PALF-TBP, alkali treatment PALF-TBP, PALF-TBP with MAPP and PALF-TBP with MAPE composites. The characteristic of the O-H group in the region of 3331-3339 cm −1 was visible to all variants. The band was associated with hydrogen-bonded hydroxyl group (O-H) from complex vibrational stretching, which was related to free, inter and intra molecular bound hydroxyl groups [42] . Moreover, the untreated PALF-TBP showed the presence of band 3336 cm −1 for O-H stretching, 2916 cm −1 for -CH stretching and 1461 cm −1 for -CH deformation in lignin. On the other hand, alkali treatment could have reduced the hydrogen bonding by removing the hydroxyl group through the reaction of sodium hydroxide. As a result, the O-H concentration of the treated fiber, as demonstrated by the increased intensity of peaks between 1000 and 1600 cm −1 . Other than that, it can be observed from the figure that the bands at 1740 cm −1 , which were associated with the symmetric C=O stretching function of maleic anhydride in the MAPP, increased in intensity for PALF-TBP-MAPP. However, it is worth to note that the MAPP treated PALF-TBP exhibited new peaks at 1259 cm −1 and 661 cm −1 , which could be associated with C=O stretching, suggesting the esterification reaction between hydroxyl and anhydride of MAPP. In all cases, the broad absorption peak between 3331 and 3339 cm −1 was obvious as commonly observed. Nevertheless, the peak of the hydroxyl group was reduced in the presence of MAPP and MAPE; thereby, suggesting the esterification could have taken place. The addition of coupling agents MAPP and MAPE in the PALF-TBP had lowered the hydroxyl group due to the reaction with maleic anhydride. It is well-known that the use of MAPP improves the compatibility of natural fiber, such as PALF and matrix interface. In addition, the maleic anhydride increased the polarity, and thus promoted the adhesion in the PALF. This phenomenon could be responsible for the remarkable increase in tensile strength value, as observed in the PALF-TBP-MAPP variant.
Conclusion
The utilization of selected treatment on PALF-TBP composites is an initiative work to enhance the tensile properties of the composites and develop a competitive "green" polymer material. Therefore, the influence of alkali treatment, MAPP and MAPE coupling agents on short PALF as reinforcement for the starch-based matrix which is tapioca resin was studied. Tensile test results indicated that the optimum concentration of MAPP and MAPE in generating maximum tensile properties was 3% and 7%, respectively. However, among the three different treatments, PALF-TBP composites with MAPP coupling agent was superior in enhancing the tensile properties. Scanning electron microscopy (SEM) analysis of the composite sample with MAPP provides sufficient evidence for good fiber-matrix interfacial adhesion and efficient stress-transfer from the matrix to fiber. Moreover, Fourier Transforms Infrared Spectroscopy (FTIR) studies demonstrated that the MAPP improved the compatibility between PALF and TBP matrix, whereby the maleic anhydride increased the polarity, and thus promoted adhesion in the PALF. The phenomenon provides evidence for the remarkable increase in tensile strength value as observed in the PALF-TBP-MAPP sample. As a conclusion, the findings of the present study provide evidence that the utilization of selected treatment had great potential in enhancing the mechanical properties of short PALF-TBP composites and is expected to be capable of becoming an alternative for a petroleum-based polymer in future engineering applications.
